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Abstract
Graphene, isolated 2004 by Andre Geim and Konstantin Novoselov, is a rising star
in material and basic physics reserch community for its extraordinary properies. It
has a broad applications in integrated circuits, radio frequency transistor, composite
materials, transparent conducting electrodes and energy storage. This dissertation
has studied the mechanism of CVD synthesis method and provides an eﬀective low-
cost synthesis and in-depth mechanistic study for high quality large-area nitrogen-
doped graphene(NG) ﬁlms.
We used Cu pockets to create diﬀerent environments between the inner side
and the outer side of a same piece of Cu foil for graphene growth. Comparing
the graphene grown on the inner side and that grown on the outer side of the Cu
pocket, we found that carbon atoms would diﬀuse through the 25 micrometer-thick
Cu foil and reach the interface between the Cu and the pre-grown graphene layer,
which feeds the graphene layers growing under the top layer(s). We obtained bilayer
graphene with a coverage of about 78% for the outer side of the Cu pocket with the
assistance of a surface-mediated graphene growth process and a carbon penetration-
based growth process.
We found that with the existence of Stone-Wales defect at the graphene bound-
aries, the copper foil and graphene became a galvanic cell with the copper cathode
and the graphene anode in humidity condition. As a result copper oxidized much
more at the graphene boundaries. So in humidity condition, graphene is not good
as a oxidation-resistance for copper.
We used Graphene oxide (G-O) ﬂakes to seed the growth of single crystal graphene
islands by chemical vapor deposition (CVD) on Cu foil. Such islands have the G-O
seed (which converts to a ?reduced graphene oxide?(rG-O) seed due to the CVD
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growth conditions used) roughly in the center of the islands. The lateral growth
of such single crystal graphene islands was studied by carbon isotope labeling and
Raman spectroscopy, scanning and transmission electron microscopy and selected
area electron diﬀraction. By changing the concentration of G-O in the aqueous
dispersion used to deposit the G-O ﬂakes onto the Cu foil by dip-coating, the size of
the seeded graphene islands could be precisely controlled on the Cu foil. The crystal
orientation of the single crystal graphene islands was found to be identical to that
of the G-O seeds.
We synthesized isotope labeled graphene with the concentration of 13C carbon
atom of 1%, 25%, 50%, 75% and 99%. The isotope eﬀect on the phonon behavior in
graphene was investigated based on the micro-Raman analysis of 13C isotope labeled
graphene samples. We found that the phonon scattering was aﬀected by the isotopic
carbon atom as a point defect. Based on the experiment results, the lifetime of iTO
phonons were estimated, which agreed with other theoretical calculations.
We also provides an eﬀective low-cost synthesis and in-depth mechanistic study
for high quality large-area nitrogen-doped graphene(NG) ﬁlms. These ﬁlms were
synthesized using urea as nitrogen source and methane as carbon source, and
were characterized by SEM, Raman spectroscopy and X- ray photoelectron spec-
troscopy(XPS). The N doping level was 3.72 at. %, and N atoms were suggested
to mainly form a pyrrolic N conﬁguration. All distinct Raman peaks display blue
shift due to the nitrogen-doping and compressive strain. And the increase of ni-
trogen concentration broadens the D and 2D peak?s FWHM, due to the decrease
of mean free path of phonon. The N-doped graphene exhibited an n-type doping
behavior with a considerably high carrier mobility of about 74.1 cm2/Vs, conﬁrmed
by electrical transport measurements.
Keywords: Graphene; Chemical vapor deposition; Isotope labeling; N-doped
graphene; Raman spectra
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